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Basağaoğlu et al. (2009) present a study on detailed unsaturated flow behavior in two-

dimensional fracture networks using numerical experiments (simulations) based on the 

lattice-Boltzmann method. Their results are valuable for improving our understanding of 

unsaturated flow processes and evaluating the active fracture model (AFM) that was 

developed for capturing large-scale preferential flow in fractured rocks (Liu et al., 1998; 

2003). 

 

As indicated in Basağaoğlu et al. (2009), a previous study was conducted to evaluate 

the AFM with numerical experiments (Seol et al., 2003). However, the methodology used 

in that study and the corresponding conclusions are highly questioned for the following 

two reasons. First, the evaluation relies on a condition that simulated water flow 

processes in a fracture network are adequately represented with a continuum approach, 

because they draw their conclusions by comparing simulation results with those obtained 

from a dual-continuum model based on the AFM. No effort was made by Seol et al. 

(2003) to justify the validity of the continuum approach for their specific fracture 

network that includes a small number of fractures only. (The analyses of Basağaoğlu et al. 

(2009) do not need the similar condition.) Second, Seol et al. (2003) use numerical 

dispersion to represent the matrix diffusion process. This treatment is not valid simply 

because numerical dispersion results from numerical errors and is not a physical process.  

    

The AFM divides fractures into two parts, active and inactive. Flow occurs only in 

the active part (Liu et al., 1998). The portion of the active part (fa) is given by 


ea Sf                                                       (1) 

where Se is the effective saturation in fractures and γ is the so-called AFM parameter that 

is considered to be a constant for a given fracture network. Equation 1 was originally 
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proposed as an empirical relationship (Liu et al., 1998) and later shown to be a result of a 

fractal flow pattern commonly observed in unsaturated and multiphase flow systems (Liu 

et al., 2003; 2005). The AFM parameter γ is found to be a function of fractal dimension 

of the corresponding flow pattern (Liu et al., 2003). The interface area between fractures 

conducting water and rock matrix (Afm’) is given by (Liu et al., 1998; Basağaoğlu et al., 

2009): 
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where Afm is the total interface area between fractures and the rock matrix. Equations 1 

and 2 are the key AFM relationships.  

 

Basağaoğlu et al. (2009) use lattice-Boltzmann simulation results to determine how 

the AFM parameter values are related to fracture network orientations and injection rates. 

The unique aspect of their study is that values for Se and fa are directly available from 

simulation results. Basağaoğlu et al. (2009) report that γ value depends on fracture 

network orientation. It is somehow expected because parameter γ is considered a constant 

for a given fracture network. Fracture networks with the same geometry and different 

orientations should be considered different fracture networks.  

 

The major purpose of this comment is to extend the analyses of Basağaoğlu et al. 

(2009) for evaluating the AFM. For a given fracture network (with the same orientation), 

Basağaoğlu et al. (2009) performed numerical experiments for different injection rates (or 

different Se values). The generated data set [Figure 9 of Basağaoğlu et al. (2009)] 

provides an interesting opportunity to directly evaluate key AFM relationships (Equations 

1 and 2). Figure 1 shows a comparison between Equation 2 and the simulation results 

[Figure 9(a) and 9(b) of Basağaoğlu et al. (2009)] and an excellent agreement is obtained. 

The saturation and area ratio (Afm’/Afm) values for a data point in Figure 1 are obtained 

from Figure 9(a) and 9(b) of Basağaoğlu et al. (2009), respectively, for a given tilt angle. 

Several representative tilt angles (5, 15, 25 and 35 degrees) are employed for data points 

in Figure 1.  
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Shown in Figure 2 are comparisons between results calculated from Equation 2 and 

those determined from Figure 9 for a number of tilt angles. Figure 9(d) of Basağaoğlu et 

al. (2009) shows that γ value varies for each tilt angle, but the variation is considerably 

smaller than that among different tilt angles. In Figure 2, a constant γ value is used for 

each tilt angle to be consistent with the AFM assumption that γ is an intrinsic property of 

a fracture network. For a given tilt angle, the corresponding saturation and fa values are 

obtained from Figure 9(a) and 9(c) in Basağaoğlu et al. (2009), respectively. The γ value 

for a given tilt angle (Figure 2) is obtained by averaging γ values in Figure 9(d) of 

Basağaoğlu et al. (2009). No curve-fitting exercise is conducted in Figure 2. Given the 

simplicity of the AFM and the complexity of the unsaturated flow processes in a fracture 

network, the AFM relationship reasonably matches the simulation results of Basağaoğlu 

et al. (2009).  

 

In summary, comparison results from Figures 1 and 2 suggest that the AFM has done a 

reasonable job in characterizing key water-flow features simulated by Basağaoğlu et al. 

(2009). It may also be of interest to note that the AFM concept has been extended to 

describing preferential flow processes in unsaturated soils (Liu et al., 2005). The 

corresponding model is called the active region model (ARM). A recent evaluation of the 

ARM was performed with well-documented field infiltration and tracer tests in natural 

soils (Shen et al., 2009). The evaluation results support the validity of the ARM.         

 

Acknowledgment 

This work was partially supported by the U.S. Department of Energy and LBNL under 
Contract No. DE-AC02-05CH11231. 

 

 

 

 

 

 

 

 

 3



 

 

References 

Basağaoğlu H, Succi S, Manepally C, Fedeors R, Wyrick DY (2009) Sensitivity of the 
active fracture model parameter to fracture network orientation and injection scenarios. 
Hydrogeology Journal, DOI 10.1007/s10040-009-0448-9. 
 
Liu HH, Doughty C, Bodvarsson GS (1998) An active fracture model for unsaturated 
flow and transport in fractured rock. Water Resour Res 34:2633-2646. 
 
Liu HH, Zhang GX, Bodvarsson GS (2003) Active fracture model: Its relation to fractal 
flow patterns and an evaluation using field observations. Vadose Zone J 2:259-269. 
 
Liu HH, Zhang RD, Bodvarsson GS (2005) An active region model for capturing fractal 
flow patterns in unsaturated soils: Model development. J Contam Hydrol 80(1-2): 18-30. 
 
Seol Y, Kneafsey TJ, Ito K (2006) An evaluation of the active fracture concept in 
modeling unsaturated flow and transport in fractured meter-sized block of rock. Vadose 
zone J 5:1-13.  
 
Sheng F, Wang K, Zhang RD, Liu HH (2009)  Characterizing soil preferential flow using 
iodine–starch staining experiments and the active region model. J Hydrol 367(1-2):115-
124. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 4



Effective Saturation

A
re

a
R

a
tio

0 0.25 0.5 0.75 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 

Figure 1. A comparison between area ratios (Afm’/Afm) calculated with Equation 2 and 
simulation results (data points) from Basağaoğlu et al. (2009) for tilt angles of 5, 15, 25 
and 35 degrees. The solid line is 1:1 line.  
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Figure 2. A comparison between theoretical relationships (Equation 1) and simulation 
results (data points) from Basağaoğlu et al. (2009) for tilt angles of 5, 15, 25 and 35 
degrees.  

 

 7



DISCLAIMER  
 
This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor The Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or The Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or The Regents of 
the University of California. 
 
Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity 
employer. 
 


